Summary.-Continuous administration of 0.040/0 N-n-propyl-N-formylhydrazine (PFH) for life in drinking water to 6-week-old randomly bred Swiss mice induced tumours of the lungs, preputial glands, liver and gall bladder. The tumour incidences in these 4 tissues were 91, 22, 8 and 6%, whereas in the untreated controls they were 25,0,0-5 and 0.50", respectively. The higher dose of 0.080/( PFH, given under identical conditions, induced only tumours of the lungs, liver and gall bladder in lower incidences, since the compound was too toxic for the mice. Histopathologically, the tumours were classified as adenomas and adenocarcinomas of the lungs, squamouscell papillomas, and carcinomas and fibrosarcoma of preputial glands, benign hepatomas and liver-cell carcinoma, as well as adenomas and adenocarcinoma of the gall bladder.
bladder.
The investigation is part of our structure/activity relationship inquiry aimed at revealing the mechanism of action of the N-alkyl-N-formylhydrazine series of chemicals.
THE PRESENT careinogenesis study witli N-n-propyl-N-formylhydrazine (PFH) in mice is a continuation of a structure/ activity inqtiir3, conducted with substittited hydrazines. Earlier investigations were performed in this species with structural homologues of PFH, including N-methyl-N-formylhydrazine (MFR) , N-ethyl-Nformylhydrazine and N-n-butyl-N-formylhydrazine (Totli & Nagel, 1978; Toth et al., 1979 Toth & Nagel, 1908a . At the beginning, we selected MFH as the first step in otir inquiry because this chemical is an ingredient of the edible false morel mushroom Gyroinitra e8culenta (List & Luft, 1968;  Schmidliii-Me'sza'ros, 1-975; Pyysalo & Niskaneii, 1977) . It is known that the human poptilation is exposed to some extent, in certain areas, to this hazardous chemical (Miller, 1972) .
Subseqttently, other N-alkyl-N-formylhydrazines were investigated to determine the possible relationship between chemical structure aiid tumour development at, specific, organ sites. Macroscopically and histologically these lesions were similar to those described in this laboratory in this mouse strain (Toth & Shimizu, 1974; Toth et al., 1979) .
Preputial-gland tumours
Of the males treated with the high dose, 1 (2%) developed a squamous-cell carcinoma in this organ.
Of the males treated with the low dose, 11 (22%) developed tumours in this gland. Grossly and histologically the above lesions were similar to those described earlier by other investigators (Hiraga & Fujii, 1977) .
Liver tumours
Of the females treated with the high dose, 5 (10%) developed tumours in this organ. Of these, 4 were classified as benign hepatomas and the remaining one as a liver-cell carcinoma.
Of the mice treated with the low dose, 6 females (12%) and 2 males (4%) developed benign hepatomas.
Grossly and histopathologically the induced tumours were similar to those described earlier by us (Toth et al., 1964) .
Gall-bladder tumours
Of the females treated with the high dose, 5 (10%) developed tumours in this organ. Of these, 4 were classified as adenomas and the remaining one as an adenocarcinoma. In the males treated with the high dose, 2 (4%) developed adenomas of the gall bladder.
Of the mice treated with the low dose, 5 females (10%) and I male (2%) developed benign adenomas of this organ.
Macroscopically and histologically these tumours were similar to those published previously by us in other experiments (Toth & Nagel, 1978; Toth et al., 1979 ). Other tumours In a number of instances other types of neoplasms were also observed, and are listed in Table II . Since they occurred in low incidences, their appearances cannot be attributed to the treatment.
DISCUSSION
The present investigation shows that lifetime administration of 0 040o PFH in drinking water to randomly bred 6-weekold Swiss mice induced tumours of the lungs, preputial glands, liver and gall bladder. In females, the tumour incidences in these 4 tissues were 98 (P < 0 00001), 0, 12 (P < 0*03) and 10% (P < 0 01 1), respectively; in males they were 84 (P < 0 00001), 22 (P < 0.0001), 4, and 2% respectively. At the 0 08% dose level these tumour incidences in females were 44 (P < 0 04), 0, 10 (P<0 008) and 10% (P<0*015), while in males they were 14, 2, 0 and 40o respectively. In untreated controls, the corresponding tumour incidence was 25, 0, 1, and 1%/ in females and 26, 0, 0, and 000 in males. Statistical analysis was carried out by Fisher's exact probability test for 2 x 2 tables and by Peto's method (Armitage, 1971; Peto, 1974) . Histopathologically, the tumours were classified as adenomas and adenocarcinomas of lungs, squamous-cell papillomas and carcinomas and fibrosarcoma of preputial glands, benign hepatomas and liver-cell carcinoma and adenomas, and adenocarcinoma of gall bladder.
Past studies have concerned the effect of chemical structure on tumour development As a first move, MFH, given at the maximum tolerated dose of 0-0039% to Swiss mice, induced tumours of lungs (770%), liver (46%)0 blood vessels (21 %), bile ducts (70%) and gall bladder (10%) (Toth & Nagel, 1978; Toth et al., 1979) . Subsequently, N-ethyl-N-formylhydrazine administered at a 0.02% dose under conditions similar to those of MFH, produced tumours of the lungs (88%) blood vessels (790o), liver (13%), gall bladder (50o) and preputial glands (100%) (Toth & Nagel, 1980a) . Furthermore, as a third step, N-n-butyl-N-formylhydrazine at a chronic dose of 004%o, again given under conditions identical to those of the previous two compounds, elicited tumours of the lungs (87%), preputial (66%) and clitoral glands (10%) (Toth & Nagel, 1980b) . Finally, the presently studied PFH at a dose of 0.04% gave rise to tumours of the lungs (91%), preputial glands (22%), liver (6%), and gall bladder (8%). In our untreated Swiss mice the tumours of lungs and blood vessels occur in moderate incidences, whilst tumours of liver and bile ducts are rarely seen. So far, tumours of gall bladder, preputial and clitoral glands have not been seen (Toth et al., 1964; Toth & Shimizu, 1974 , Toth & Nagel, 1978 . From these findings it appears obvious that the lengthening of the N-alkyl chain influences, to a certain extent, the target tissues from which tumours emerge. The precise nature of the mode of action of these chemicals remains to be elucidated.
To date, 48 hydrazines, hydrazides and hydrazones were shown to be carcinogenic in experimental animals. These chemicals are indeed powerful carcinogens, since they induced tumours in over two dozen tissues and organs of mice, hamsters and rats (Juih'asz et al., 1957; Biancifiori & Ribacchi, 1962; Morris et al., 1969; Druckrey, 1970; Toth, 1975 Toth, , 1980 . It is of interest to note here that the human population is exposed to about one half of these compounds in the form of drugs, agricultural herbicides or industrial chemicals, and as naturally occurring substances such as ingredients of edible mushrooms and tobacco (Levenberg, 1960; List & Luft, 1968; Merck Index, 1976; Schmeltz et al., 1977; LaRue, 1977) .
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